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Abstract
Using the most general model independent form of the effective Hamiltonian,
the rare Bs → γ ℓ+ℓ− decays are studied by taking into account the polarization of
the photon. The total and the differential branching ratios for these decays, when
photon is in the positive and negative helicity states, are presented. Dependence of
these observables on the new Wilson coefficients are studied. It is also investigated
the sensitivity of ”photon polarization asymmetry” in Bs → γ ℓ+ℓ− decays to the
new Wilson coefficients. It has been shown that all these physical observables are
very sensitive to the existence of new physics beyond SM and their experimental
measurements can give valuable information about it.
PACS number(s): 12.60.Fr, 13.20.He
1 Introduction
The rare B-meson decays induced by the flavor–changing neutral currents (FCNC) have
always been important channels for obtaining information about the fundamental parame-
ters of the standard model (SM), testing its predictions at loop level and probing possible
new physics.
The observation of radiative penguin mediated processes, in both the exclusive B →
K∗γ[2] and inclusive B → Xsγ [3] channels have prompted the investigation of the radiative
rare B meson decays with a new momentum. Among these, the semileptonic Bs → γ ℓ+ℓ−
(ℓ = e, µ, τ) decays have received a special interest due to their relative cleanliness and
sensitivity to new physics as well as ongoing experiments at the two B-factories [4, 5]. It is
well known that corresponding pure leptonic processes Bs → ℓ+ℓ− have helicity suppression
so that their decay width are too small to be measured for the light lepton modes. In SM
the branching ratio of the BR(Bs → e+e−, µ+µ−) ≃ 4.2×10−14 and 1.8×10−9, respectively.
Although τ channel is free from this suppression, its experimental detection is quite hard
due to the low efficiency. In Bs → τ+τ−γ decay, helicity suppression is overcome by the
photon emission in addition to the lepton pair. Therefore, it is expected for Bs → γℓ+ℓ−
decay to have a larger branching ratio and this makes its investigation interesting. Indeed,
Bs → γℓ+ℓ− decays have been widely investigated in the framework of the SM for light and
heavy lepton modes [6]-[9], and reported BR(Bs → γ e+e−, γ µ+µ−, γ τ+τ−) = 2.35×10−9
, 1.9×10−9 and 9.54×10−9, respectively. The new physics effects in these decays have also
been studied in some models, like MSSM [10]-[12] and the two Higgs doublet model [14]-[17],
and shown that different observables, like branching ratio, forward-backward asymmetry,
etc., are very sensitive to the physics beyond the SM. Investigation of the polarization effects
may provide another efficient way in establishing the new physics. Along this line, the
polarization asymmetries of the final state lepton in Bs → γℓ+ℓ− decays have been studied
in MSSM in [13] and concluded that they can be very useful for accurate determination of
various Wilson coefficients.
In a radiative decay mode like ours, the final state photon can also emerge with a definite
polarization and provide another kinematical variable to study the new physics effects [11].
In this paper, we will study the rare Bs → γ ℓ+ℓ− decay by taking into account the photon
polarization. Although experimental measurement of this variable would be much more
difficult than that of e.g., polarization of the final leptons in Bs → γ ℓ+ℓ− decay, this is still
another kinematical variable for studying radiative decays. In our work we will investigate
sensitivity of such ”photon polarization asymmetry” in Bs → γ ℓ+ℓ− decay to the new
Wilson coefficients, in addition to the study of total and differential branching ratios with
polarized final state photon. Doing this we use a most general model independent effective
Hamiltonian, which contains the scalar and tensor type interactions as well as the vector
types (See Eq.(1) below). We note that in a recent work [18] we have studied a related
mode Bs → γ νν¯ with a polarized photon in a similar way and showed that the spectrum
is sensitive to the types of the interactions so that it is useful to discriminate the various
new physics effects.
The paper is organized as follows: In section 2, we present the most general, model
independent form of the effective Hamiltonian and the parametrization of the hadronic
matrix elements in terms of appropriate form factors. We then calculate the differential
1
decay width and the photon polarization asymmetry for the B → γ ℓ+ℓ− decay when the
photon is in positive and negative helicity states . Section 3 is devoted to the numerical
analysis and discussion of our results.
2 Matrix element for the Bs → γ ℓ+ℓ− decay
The matrix element for the process Bs → γ ℓ+ℓ− can be obtained from that of the purely
leptonic B → ℓ+ℓ− decay. Therefore, we start with the effective Hamiltonian for b→ sℓ+ℓ−
transition written in terms of twelve model independent four-Fermi interactions as follows
[19]:
Heff = Gα√
2π
VtsV
∗
tb
{
CSL s¯iσµν
qν
q2
L b ℓ¯γµℓ+ CBR s¯iσµν
qν
q2
Rb ℓ¯γµℓ
+CtotLL s¯LγµbL ℓ¯Lγ
µℓL + C
tot
LR s¯LγµbL ℓ¯Rγ
µℓR + CRL s¯RγµbR ℓ¯Lγ
µℓL
+CRR s¯RγµbR ℓ¯Rγ
µℓR + CLRLR s¯LbR ℓ¯LℓR + CRLLR s¯RbL ℓ¯LℓR (1)
+CLRRL s¯LbR ℓ¯RℓL + CRLRL s¯RbL ℓ¯RℓL + CT s¯σµνb ℓ¯σ
µνℓ
+iCTE ǫ
µναβ s¯σµνb ℓ¯σαβℓ
}
,
where L and R are the chiral projection operators defined as (1±γ5)/2, respectively. In (1),
CX are the coefficients of the four–Fermi interactions with X = LL, LR,RL,RR describing
vector, X = LRLR,RLLR,LRRL,RLRL scalar and X = T, TE tensor type interactions.
We note that several of the Wilson coefficients in Eq. (1) do already exist in the SM: in
the SM, CLL and CLR are in the form C
eff
9 −C10 and Ceff9 +C10 for the b→ sℓ+ℓ− decay,
while the coefficients CSL and CBR correspond to −2msCeff7 and −2mbCeff7 , respectively.
Therefore, writing
CtotLL = C
eff
9 − C10 + CLL ,
CtotLR = C
eff
9 + C10 + CLR ,
we see that CtotLL and C
tot
LR contain the contributions from the SM and also from the new
physics.
Having established the general form of the effective Hamiltonian, we proceed to calculate
the matrix element of the Bs → γ ℓ+ℓ− decay. This exclusive decay can receive short-
distance contributions from the box, Z, and photon penguin diagrams for b→ s transition
by attaching an additional photon line to any internal or external lines. As pointed out
before [7, 8], contributions coming from the release of the free photon from any charged
internal line will be suppressed by a factor of m2b/M
2
W and we neglect them in the following
analysis. When a photon is released from the initial quark lines it contributes to the so-
called ”structure dependent” (SD) part of the amplitude, MSD. Then, it follows from Eq.
(1) that, in order to calculate MSD, the matrix elements needed and their definitions in
term of the various form factors are as follows [7, 20]:
〈γ(k) |s¯γµ(1∓ γ5)b|B(pB)〉 = e
m2B
{
ǫµνλσε
∗νqλkσg(q2)
2
±i
[
ε∗µ(kq)− (ε∗q)kµ
]
f(q2)
}
, (2)
〈γ(k) |s¯σµνb|B(pB)〉 = e
m2B
ǫµνλσ
[
Gε∗λkσ +Hε∗λqσ +N(ε∗q)qλkσ
]
, (3)
〈γ(k) |s¯(1∓ γ5)b|B(pB)〉 = 0 , (4)
〈γ |s¯iσµνqνb|B(pB)〉 = e
m2B
i ǫµναβq
νεα∗kβG , (5)
and
〈γ(k) |s¯iσµνqν(1 + γ5)b|B(pB)〉 = e
m2B
{
ǫµαβσ ε
α∗qβkσg1(q
2) + i
[
ε∗µ(qk)− (ε∗q)kµ
]
f1(q
2)
}
,
(6)
where ε∗µ and kµ are the four vector polarization and four momentum of the photon, respec-
tively, q is the momentum transfer, pB is the momentum of the B meson, and G, H and N
can be expressed in terms of the form factors g1 and f1 by using Eqs. (3), (5) and (6). The
matrix element describing the structure–dependent part can be obtained from Eqs. (2)–(6)
as
MSD = αGF
4
√
2 π
VtbV
∗
ts
e
m2B
{
ℓ¯γµ(1− γ5)ℓ
[
A1ǫµναβε
∗νqαkβ + i A2
(
ε∗µ(kq)− (ε∗q)kµ
)]
+ ℓ¯γµ(1 + γ5)ℓ
[
B1ǫµναβε
∗νqαkβ + i B2
(
ε∗µ(kq)− (ε∗q)kµ
)]
+ i ǫµναβ ℓ¯σ
µνℓ
[
Gε∗αkβ +Hε∗αqβ +N(ε∗q)qαkβ
]
(7)
+ i ℓ¯σµνℓ
[
G1(ε
∗µkν − ε∗νkµ) +H1(ε∗µqν − ε∗νqµ) +N1(ε∗q)(qµkν − qνkµ)
]}
,
where
A1 =
1
q2
(
CBR + CSL
)
g1 +
(
CtotLL + CRL
)
g ,
A2 =
1
q2
(
CBR − CSL
)
f1 +
(
CtotLL − CRL
)
f ,
B1 =
1
q2
(
CBR + CSL
)
g1 +
(
CtotLR + CRR
)
g ,
B2 =
1
q2
(
CBR − CSL
)
f1 +
(
CtotLR − CRR
)
f ,
G = 4CTg1 , N = −4CT 1
q2
(f1 + g1) ,
H = N(qk) , G1 = −8CTEg1 ,
N1 = 8CTE
1
q2
(f1 + g1) , H1 = N1(qk) .
When photon is radiated from the lepton line we get the the so-called ”internal Bremsstrahlung”
(IB) contribution, MIB. Using the expressions
〈0|s¯γµγ5b|B(pB)〉 = − ifBpBµ ,
〈0|s¯σµν(1 + γ5)b|B(pB)〉 = 0 ,
3
and conservation of the vector current, we get
MIB = αGF
4
√
2 π
VtbV
∗
tsefBi
{
F ℓ¯
( 6ε∗ 6pB
2p1k
− 6pB 6ε
∗
2p2k
)
γ5ℓ
+ F1 ℓ¯
[ 6ε∗ 6pB
2p1k
− 6pB 6ε
∗
2p2k
+ 2mℓ
(
1
2p1k
+
1
2p2k
)
6ε∗
]
ℓ
}
, (8)
where
F = 2mℓ
(
CtotLR − CtotLL + CRL − CRR
)
+
m2B
mb
(
CLRLR − CRLLR − CLRRL + CRLRL
)
,
F1 =
m2B
mb
(
CLRLR − CRLLR + CLRRL − CRLRL
)
. (9)
Finally, the total matrix element for the Bs → γ ℓ+ℓ− decay is obtained as a sum of the
MSD andMIB terms,
M =MSD +MIB. (10)
The next task is the calculation of the differential decay rate of Bs → γ ℓ+ℓ− decay as
a function of dimensionless parameter x = 2Eγ/mB, where Eγ is the photon energy. In the
center of mass (c.m.) frame of the dileptons ℓ+ℓ−, where we take z = cos θ and θ is the
angle between the momentum of the Bs-meson and that of ℓ
−, double differential decay
width is found to be
dΓ
dx dz
=
1
(2π)364
x v mB |M|2 , (11)
with
|M|2 = |MSD|2 + |MIB|2 + 2Re(MSDM∗IB) (12)
where v =
√
1− 4r
1−x
and r = m2ℓ/m
2
B. We note that |MIB|2 term has infrared singularity
due to the emission of soft photon. In order to obtain a finite result, we follow the approach
described in [8] and impose a cut on the photon energy, i.e., we require Eγ ≥ 25 MeV,
which corresponds to detect only hard photons experimentally. This cut requires that
Eγ ≥ δ mB/2 with δ = 0.01.
In such a radiative decay, the final state photon can emerge with a definite polarization
and there follows the question of how sensitive the branching ratio is to the new Wilson
coefficients when the photon is in the positive or negative helicity states. To find an answer
to this question, we evaluate dΓ(ε
∗=ε1)
dx
and dΓ(ε
∗=ε2)
dx
for Bs → γ ℓ+ℓ− decay, in the c.m.
frame of ℓ+ℓ−, in which four-momenta and polarization vectors , ε1 and ε2, are as follows:
PB = (EB, 0, 0, Ek) , k = (Ek, 0, 0, Ek) , p1 = (p, 0, p
√
1− z2,−pz) ,
p2 = (p, 0,−p
√
1− z2, pz) , ε1 = (0, 1, i, 0)/
√
2 , ε2 = (0, 1,−i, 0)/
√
2 , (13)
where EB = mB(2 − x)/2
√
1− x, Ek = mBx/2
√
1− x, and p = mB
√
1− x/2. Using the
above forms, we obtain
dΓ(ε∗ = εi)
dx
=
∣∣∣∣∣ αGF4√2 πVtbV ∗ts
∣∣∣∣∣
2
α
(2 π)3
π
4
mB ∆(εi) (14)
4
where
∆(εi) =
vx
3
{
4 x
(
(8r + x) |H1|2 − (4r − x) |H|2
)
− 6mℓ(1− x)2Im[(A2 ±A1 +B2 ± B1)G∗1]
+
2
x
(1− x)2(2r + x)
(
|G1|2 + |G|2 ± 2Im[−G1G∗]
)
)− 12mℓ(1− x)xIm[(A2 ±A1 +B2 ±B1)H∗1 ]
±4(1− x)
(
(8r + x)Im[GH∗1 ] + (4r − x)Im[G1H∗]
)
+ 6m2ℓ(1− x)2Re[(A1 ± A2)(B1 ± B2)]
+m2B(1− x)2(x− r)
(
|A1|2 + |A2|2 + |B1|2 + |B2|2 ± 2Re[A1A∗2 +B1B∗2 ]
)
−6mℓ(1− x)2Re[(A2 ±A1 +B2 ±B1)G∗] + 4(1− x)
(
(8r + x)Re[G1H
∗
1 ]− (4r − x)Re[GH∗]
)}
+
2x
(1− x)2 f
2
B
{
(−2vx+ (1− 4r + x2)ln[u]) |F |2 ± 2(1− x)(2vx− (1− 4r + x)ln[u])Re[FF ∗1 ]
+
(
2vx(4r − 1) + (1 + 16r2 + x2 − 4r(1 + 2x))ln[u] |F1|2
)}
+2xfB
{
± (vx+ 2rln[u])Im[−FH∗1 ]±mℓ(1− x)ln[u]Re[(A2 ±A1 +B2 ±B1)F ∗]
−mℓ(2vx+ (1− 4r − x)ln[u])Re[(A2 ±A1 +B2 ±B1)F ∗1 ]
−2(v − 2rln[u])Im[(−F1 ± F )(G∗1 ±G∗)]± 2(vx− 2rln[u])Re[F1H∗]
+
2
(1− x)
(
(vx(1 + x) + 2r(1− 3x)ln[u])Im[F1H∗1 ]− (1 + x)(vx− 2rln[u])Re[F1H∗]
)}
(15)
where +(−) is for i = 1(2) and u = 1 + v/1− v.
The effects of polarized photon can be also studied through a variable ”photon polar-
ization asymmetry” [11]:
H(x) =
dΓ(ε∗=ε1)
dx
− dΓ(ε∗=ε2)
dx
dΓ(ε∗=ε1)
dx
+ dΓ(ε
∗=ε2)
dx
=
∆(ε1)−∆(ε2)
∆0
, (16)
where
∆(ε1)−∆(ε2) = 4
3
x2v
{
2x(1 + 2r − x)
(−1 + x) Im[G1G
∗]− 3mℓx
(
Im[(A1 +B1)G
∗
1] + Re[(A2 +B2)G
∗]
)
− 6mℓ(1− x)((Im[(A1 +B1)H∗1 ]) + 2
(
(1 + 8r − x)Im[GH∗1 ]− (1− 4r − x)Im[G1H∗]
)
+ m2Bx
(
3r(Re[A2B
∗
1 + A1B
∗
2 ] + (1− r − x)Re[B1B∗2 + A1A∗2]
)}
+ 8f 2B
(
2v(1− x)− (2− 4r − x)ln[u]
)
+ 4fBx
{
2(v(x− 1)− 2rln[u])Im[FH∗1 ]
+ mℓxln[u]Re[(A2 +B2)F
∗] +mℓ
(
2v(x− 1) + (4r − x)ln[u]
)
Re[(A1 +B1)F
∗
1 ]
+ 2(v − 2rln[u])Re[F1G∗]− Im[FG∗1] + 2(v(1− x)− 2rln[u])Re[F1H∗]
}
(17)
and
5
∆0 =
{
x3v
(
4mℓRe
(
[A1 +B1]G
∗
)
− 4m2BrRe
(
A1B
∗
1 + A2B
∗
2
)
−4
[
|H1|2 (1− x) + Re
(
G1H
∗
1
)
x
](1 + 8r − x)
x2
− 4
[
|H|2 (1− x) + Re
(
GH∗
)
x
](1− 4r − x)
x2
+
1
3
m2B
[
2Re
(
GN∗
)
+m2B |N |2 (1− x)
]
(1− 4r − x)
+
1
3
m2B
[
2Re
(
G1N
∗
1
)
+m2B |N1|2 (1− x)
]
(1 + 8r − x)
− 2
3
m2B
(
|A1|2 + |A2|2 + |B1|2 + |B2|2
)
(1− r − x)− 4
3
(
|G|2 + |G1|2
)(1 + 2r − x)
(1− x)
+ 2mℓ Im
(
[A2 +B2][6H
∗
1 (1− x) + 2G∗1x−m2B N∗1x(1 − x)]
)1
x
)
+4fB
(
2v
[
Re
(
FG∗
) 1
(1− x) − Re
(
FH∗
)
+ m2B Re
(
FN∗
)
+mℓRe
(
[A2 +B2]F
∗
1
)]
x(1− x)
+ ln[u]
[
mℓRe
(
[A2 +B2]F
∗
1
)
x(x− 4r) + 2Re
(
FH∗
)[
1− x+ 2r(x− 2)
]
− 4rxRe
(
FG∗
)
+m2B Re
(
FN∗
)
x(x− 1)−mℓRe
(
[A1 +B1]F
∗
)
x2
])
+4f 2B
(
2v
(
|F |2 + (1− 4r) |F1|2
)(1− x)
x
+ ln[u]
[
|F |2
(
2 +
4r
x
− 2
x
− x
)
+ |F1|2
(
2(1− 4r)− 2 (1− 6r + 8r
2)
x
− x
)])}
. (18)
The expression in Eq.(17) agrees with [11] for the SM case with neutral Higgs contributions.
3 Numerical analysis and discussion
We present here our numerical analysis about the branching ratios (BR) and the photon
polarization asymmetries (H) for the Bs → γℓ+ℓ− decays with ℓ = µ, τ . We first give the
input parameters used in our numerical analysis :
mB = 5.28GeV , mb = 4.8GeV , mµ = 0.105GeV , mτ = 1.78GeV ,
fB = 0.2GeV , |VtbV ∗ts| = 0.045 , α−1 = 137 , GF = 1.17× 10−5GeV −2
τBs = 1.54× 10−12 s , Ceff9 = 4.344 , C10 = −4.669. (19)
Furthermore we assume in this work that all new Wilson coefficients are real and vary in the
region −4 ≤ CX ≤ 4. We note that such a choice for the range of the new Wilson coefficients
follows from the experimental bounds on the branching ratios of the B → K∗µ+µ− [21] and
Bs → µ+µ− decays [22]. It should be noted here that the value of the Wilson coefficient
Ceff9 above corresponds only to the short-distance contributions. C
eff
9 also receives long-
distance contributions associated with the real c¯c intermediate states; but in this work we
consider only the short distance effects.
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To make some numerical predictions, we also need the explicit forms of the form factors
g, f, g1 and f1. They are calculated in framework of light–cone QCD sum rules in [20, 7],
and also in [23] in terms of two parameters F (0) and mF . In our work we have used the
results of [7], in which q2 dependencies of the form factors are given as
g(q2) =
1GeV(
1− q2
5.62
)2 , f(q2) = 0.8GeV(
1− q2
6.52
)2 , g1(q2) = 3.74GeV
2(
1− q2
40.5
)2 , f1(q2) = 0.68GeV
2(
1− q2
30
)2 .
We present the results of our analysis in a series of figures. Before their discussion we
give our SM predictions for the unpolarized BRs, for reference:
BR(Bs → γµ+µ−) = 1.52× 10−8 ,
BR(Bs → γτ+τ−) = 1.19× 10−8 ,
which are in good agreement with the results of ref. [15].
In Figs. (1) and (2), we present the dependence of the BR(1) and BR(2) for Bs → γµ+µ−
decay on the new Wilson coefficients, where the superscripts (1) and (2) correspond to the
positive and negative helicity states of photon, respectively. From these figures we see
that BR(1) and BR(2) are more sensitive to all type of the scalar interactions as compared
to the vector and tensor types; receiving the maximum contribution from the one with
coefficient CRLRL and CLRLR, respectively. From Fig. (2), we also observe that dependence
of BR(2) on all the new Wilson coefficients is symmetric with respect to the zero point,
while for BR(1), this symmetry is slightly lifted for the vector type interactions (Fig.(1)). It
follows that BR(2) decreases in the region −4 ≤ CX ≤ 0 and tends to increase in between
0 ≤ CX ≤ +4. BR(1) exhibits a similar behavior, except for the vector interactions with
coefficients CLL, CRL and CLR: it is almost insensitive to the existence of vector CLR type
interactions and slightly increases with the increasing values of CLL and CRL, receiving a
value lower than the SM one between −4 and 0.
Differential branching ratio can also give useful information about new physics effects.
Therefore, in Figs. (3)- (8) we present the dependence of the differential branching ratio
with a polarized photon for the Bs → γ µ+µ− decay on the dimensionless variable x =
2Eγ/mB at different values of vector, tensor and scalar interactions with coefficients CLL,
CTE and CRLRL. We observe that tensor (scalar) type interactions change the spectrum near
the large (small)-recoil limit, x→ 1 (x→ 0), as seen from Figs.(5,6) (Figs.(7,8)). However,
the vector type interactions increase the spectrum in the center of the phase space and do
not change it at the large or small-recoil limit (Figs.(3,4)). We also see from Figs.(3) and
(4) that when CLL > 0, the related vector interaction gives constructive contribution to the
SM result, but for the negative values of CLL the contribution is destructive. Therefore, it is
possible to get the information about the sign of new Wilson coefficients from measurement
of the differential branching ratio.
From Figs.(1-8), we also see that the branching ratios with a positive helicity photon
are greater than those with a negative helicity one. To see this we rewrite Eq.(15) for the
SM in the limit mℓ → 0,
7
∆(εi) =
m2B
3
x2(−1 + x)2
{∣∣∣∣∣(Ceff9 − C10)(g ± f)− 2C7(1− x)m2Bmb(g1 ± f1)
∣∣∣∣∣
2
+
∣∣∣∣∣(Ceff9 + C10)(g ± f)− 2C7(1− x)m2Bmb(g1 ± f1)
∣∣∣∣∣
2}
(20)
where +(−) is for i = 1(2). It obviously follows that BR(1) > BR(2). We note that this
fact can be seen more clearly from the comparison of the differential BRs for (1) and (2)
cases for the vector interactions with the coefficient CLL, given in Figs.(3) and (4), where
dBR(1)/dx is larger about four times compared to dBR(2)/dx.
In addition to the total and differential branching ratios, for radiative decays like ours,
studying the effects of polarized photon may provide useful information about new Wilson
coefficients. For this purpose, we present the dependence of the integrated photon polar-
ization asymmetry H for Bs → γ µ+µ− decay on the new Wilson coefficients in Figs.(9)
and (10). We see from Fig.(9) that spectrum of H is almost symmetrical with respect to
the zero point for all the new Wilson coefficients, except the CRL. The coefficient CRL,
when it is between −2 and 0, is also the only one which gives the constructive contribution
to the SM prediction of H , which we find H(Bs → γ µ+µ−) = 0.64. This behavior is also
seen from Fig.(10), in which we plot the differential photon polarization asymmetry H(x)
for the same decay as a function of x for the different values of the vector interaction with
coefficients CRL. From these two figures, we can conclude that performing measurement
of H at different photon energies can give information about the signs of the new Wilson
coefficients, as well as their magnitudes.
Note that the results presented in this work can easily be applied to the Bs → γ τ+τ−
decay. For example, in Figs.(11) and (12), we present the dependence of the BR(1) and
BR(2) for Bs → γτ+τ− decay on the new Wilson coefficients. We observe that in contrary
to the µ+µ− final state, spectrum of BR(1) and BR(2) for τ+τ− final state is not symmetrical
with respect to zero point, except for the coefficient CTE . Otherwise, we observe three types
of behavior for BR(2) from Fig.(12): as the new Wilson coefficients CLRRL, CRLLR, CLL
and CRR increase, BR
(2) also increases. This behavior is reversed for coefficients CLRLR,
CRLRL, CLR and CRL, i.e., BR
(2) decreases with the increasing values of these coefficients.
However, situation is different for the tensor type interactions : BR(2) decreases when CT
and CTE increase from −4 to 0 and then increases in the positive half of the range. We
also observe from Fig.(11) that spectrum of BR(1) is identical to that of BR(2) for the
coefficients CLRLR, CLRRL, CRLLR, CLL, CRR and CTE in between −4 ≤ CX ≤ +4. For the
rest of the coefficients, namely CRLRL, CLR, CT , it stand slightly below and almost parallel
to the SM prediction in the positive half of the range, although its behavior is the same as
BR(2) when −4 ≤ CX ≤ 0.
Finally we present two more figures related to the photon polarization asymmetry H for
Bs → γ τ+τ− decay. Fig. (13) shows the dependence of the integrated photon polarization
asymmetry H on the new Wilson coefficients. We present the differential photon polariza-
tion asymmetry H(x) for the same decay as a function of x for the different values of the
scaler interactions with coefficients CLRRL in (14). We see from Fig. (13) that in contrary
to the µ+µ− final state, spectrum of H for τ+τ− final state is not symmetrical with respect
8
to zero point. It also follows that when 0 ≤ CX ≤ 4 the dominant contribution to H for
Bs → γ τ+τ− decay comes from CRLRL and CLR. However, for the negative part of the
range H receives constructive contributions mostly from CLRRL, as clearly seen also from
Fig.(14).
In conclusion, we have studied the total and the differential branching ratios of the rare
Bs → γ ℓ+ℓ− decay by taking into account the polarization effects of the photon. Doing this
we use a most general model independent effective Hamiltonian, which contains the scalar
and tensor type interactions as well as the vector types. We have also investigated the
sensitivity of ”photon polarization asymmetry” in this radiative decay to the new Wilson
coefficients. It has been shown that all these physical observables are very sensitive to the
existence of new physics beyond SM and their experimental measurements can give valuable
information about it.
ACKNOWLEDGMENT
We would like to thank Prof. T. M. Aliev for useful discussion.
9
References
[1] J. L. Hewett, in Proc. of the 21st Annual SLAC Summer Institute, ed. L. De Porcel and
C. Dunwoode, SLAC-PUB-6521 (1994)
[2] R. Ammar, et all., CLEO Collaboration, Phys. Rev. Lett. 71 (1993) 674; M. S. Alam,
et all., CLEO Collaboration, Phys. Rev. Lett. 74 (1995) 2885.
[3] M. S. Alam, et all., CLEO Collaboration, in ICHEP98 Conference 1998; ALEPH Col-
laboration, R. Barate et all., Phys. Lett. B429 (1998) 169.
[4] The BaBar physics book, eds. P. F. Harrison and H. R. Quinn,
SLAC report (1998) 504.
[5] BELLE Collaboration, E. Prebys at al, Nucl. Instrum. Meth. A446 (2000) 89.
[6] G. Eilam, C.-D. Lu¨ and D.-X. Zhang, Phys. Lett. B 391 (1997) 461.
[7] T. M. Aliev, A. O¨zpineci, and M.Savcı, Phys. Rev. D 55 (1997) 7059.
[8] T. M. Aliev, N. K. Pak, and M.Savcı, Phys. Lett. B 424 (1998) 175.
[9] C. Q. Geng, C. C. Lih, and Wei-Min Zhang,Phys. Rev. D 62 (2000)074017.
[10] Z. Xiong and J. M.Yang, Nucl. Phys. B 628 (2002) 193.
[11] S. R. Choudhury, and N. Gaur, hep-ph/0205076.
[12] S. R. Choudhury, and N. Gaur, hep-ph/0207353.
[13] S. R. Choudhury, N. Gaur, and N. Mahajan, Phys. Rev. D 66 (2002) 054003.
[14] E. O. Iltan and G. Turan, Phys. Rev. D 61 (2000) 034010.
[15] T. M. Aliev, A. O¨zpineci and M. Savcı,Phys. Lett. B 520 (2001) 69.
[16] G. Erkol and G. Turan, Phys. Rev. D 65 (2002) 094029.
[17] G. Erkol and G. Turan, Acta Phys. Pol. B 33, No:5, (2002)1285.
[18] B. Sirvanli and G. Turan, Mod. Phys. Lett. A 18 (2003) 47.
[19] T. M. Aliev, C. S. Kim, Y. G. Kim, Phys. Rev. D62 (2000) 014026;
T. M. Aliev, D. A. Demir, M. Savcı, Phys. Rev. D62 (2000) 074016;
S. Fukae, C. S. Kim, T. Morozumi, T. Yoshikawa, Phys. Rev. D59 (1999) 074013.
[20] G. Eilam, I. Halperin and R. R. Mendel Phys. Lett. B361 (1995) 137.
[21] K. Abe, et al., BELLE Collaboration, Phys. Rev. Lett. 88 (2002) 021801; B. Aubert,
et al., BaBar Collaboration, Phys. Rev. Lett. 88 (2002) 241801.
[22] V. Halyo,hep-ex/0207010.
[23] F. Kruger and D. Melikhov, Phys. Rev. D 67 (2003) 034002.
10
CRLLR
CRLRL
CLRLR
CLRRL
CLL
CLR
CRL
CRR
CTE
CT
CX
10
8
×
B
R
(1
) (
B
→
γ
µ
+
µ
−
)
420-2-4
7.5
5
2.5
0
Figure 1: The dependence of the integrated branching ratio for the Bs → γ µ+µ− decay
with photon in the positive helicity state on the new Wilson coefficients
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Figure 2: The same as Fig.(1), but with photon in negative helicity state.
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Figure 3: The dependence of the differential branching ratio for the Bs → γ µ+µ− decay
with photon in the positive helicity state on the dimensionless variable x = 2Eγ/mB at
different values of vector interaction with coefficient CLL
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Figure 4: The same as Fig.(3), but with photon in the negative helicity state.
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Figure 5: The dependence of the differential branching ratio for the Bs → γ µ+µ− decay
with photon in the positive helicity state on the dimensionless variable x = 2Eγ/mB at
different values of tensor interaction with coefficient CTE
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Figure 6: The same as Fig.(5), but with photon in the negative helicity state.
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Figure 7: The dependence of the differential branching ratio for the Bs → γ µ+µ− decay
with photon in the positive helicity state on the dimensionless variable x = 2Eγ/mB at
different values of scalar interaction with coefficient CRLRL
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Figure 8: The same as Fig.(7), but with photon in the negative helicity state.
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Figure 9: The dependence of the integrated photon polarization asymmetry for the Bs →
γ µ+µ− decay on the new Wilson coefficients.
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Figure 10: The dependence of the differential photon polarization asymmetry for the Bs →
γ µ+µ− decay on the dimensionless variable x = 2Eγ/mB for different values of CRL.
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Figure 11: The dependence of the integrated branching ratio for the Bs → γ τ+τ− decay
with photon in the positive helicity state on the new Wilson coefficients
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Figure 12: The same as Fig.(11), but with photon in negative helicity state.
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Figure 13: The dependence of the integrated photon polarization asymmetry for the Bs →
γ τ+τ− decay on the new Wilson coefficients.
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Figure 14: The dependence of the differential photon polarization asymmetry for the Bs →
γ τ+τ− decay on the dimensionless variable x = 2Eγ/mB for different values of CLRRL.
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